Chatergellus communis is a wasp species endemic to the neotropical region and its venom constituents have never been described. In this study, two peptides from C. communis venom, denominated Communis and Communis-AAAA, were chemically and biologically characterized. In respect to the chemical characterization, the following amino acid sequences and molecular masses were identified:
Characterization of two peptides isolated from the venom of social wasp Chartergellus communis (Hymenoptera: Vespidae): Influence of multiple alanine residues and C-terminal amidation on biological effects 
Introduction
The insects belonging to the Hymenoptera order are included in the families Apidae (bees), Vespidae (wasps, hornets and yellow jackets) and Formicidae (ants), and all of them are capable of producing and injecting their venoms using a inoculator apparatus [1, 2] .
Venoms from wasps are known to contain a cocktail of diversified compounds, which are able to cause a variety of biological manifestations in the human organism after stinging [3] . The main molecules that were identified are proteic compounds, such as allergens, enzymes and bioactive peptides, and other compounds with low molecular masses, such as biogenic amines and amino acids.
These components have been linked directly and indirectly to several responses, such as failure of kidney and liver, myotoxicity, neurotoxicity and vasoactive properties, which may cause intravascular hemolysis, rhabdomyolysis and death [4, 5] .
In respect to peptides, the mastoparans are among the better characterized compounds in this venom. They were first described in the wasp Vespula lewisii, and the name refers to the first target description, mastocytes [6, 7] . A remarkable feature of these molecules is their size, since they have an average of 14 amino acids, and the presence of residues of lysine [8] . They are able to exert many effects on biological systems, such as the activation of G-protein receptors [9, 10] , stimulation of phospholipases A2 and C, and the modulation of Ca 2+ [11] .
Moreover, mastoparans possess cytolytic activity that can be associated with the induction of apoptosis, necrosis [10] and antimicrobial effects [12] . Some studies have reported that the presence of multiple hydrophobic residues, such as alanine, reinforces the interaction with the phospholipid membrane, thus contributing to increasing the positive charge [13, 14] and then contributing to biological effects related to the interaction in biological membranes. For example, polyalanine, a rationally designed peptide based on a peptide originally isolated from the polar fish Pleuronectes americanus, demonstrated promising activity against several bacteria by improving some characteristics. These included the amphipathicity of the molecule and an increased probability of presenting a helical structure [15] . However, mastoparans with multiple alanine residues have not been observed.
The wasps of the Chartergellus communis species were first described by Richards in 1978 [16] and belong to one of the less abundant neotropical genera of wasps [17] . In Brazil, they are predominant in savannah-type vegetation classified as cerrado stricto-senso or "cerradão" [18] .
The aim of this work was to identify and analyze two peptides isolated from Chartergellus communis venom, called Communis and Communis-AAAA. The study was conducted with the intention of evaluating the relationship between their structural characteristics and biological actions, in particular, their hemolytic activity, hyperalgesic potential and effects on edema formation.
Material and methods

Wasp collection and venom extraction
Two nests containing approximately 370 social wasps of the species Chartergellus communis were collected in the Parque Municipal do Itiquira, a green area located near the town of Formosa (Goiás state, Brazil, geographic coordinates: 15°22′4"S/47°27′20"W). The procedures for collection, access and transport of genetic material were carried out with the authorization and licenses of the appropriate government agencies of Brazil (license ICMBio number 21723-2/process CNPq number 010476/2013-0). All wasps were initially euthanized by freezing at −20°C. After their death, manual extraction of glands and venom reservoirs was carried out in female wasps. The material obtained was submitted to successive ultrafiltration procedures, by using a filter of 10 KDa (Microcon, Millipore), in order to acquire only compounds with low molecular masses (LMM). Finally, the LMM samples were lyophilized, quantified and stocked at −80°C until use.
Isolation of peptide fractions
The isolation of the two peptide fractions present in the Chartergellus communis LMM venom fraction was performed by the technique of High Performance Liquid Chromatography (HPLC) in reverse phase, using a semi-preparative column (C18 Luna, 10 μm, 250 × 10 mm, Phenomenex ® , Torrence, CA, USA). For this, the samples were re-suspended in deionized water containing 5% of acetonitrile. Solvent A consisted of 0.1% trifluoroacetic acid (TFA) in deionized water (v/v) and solvent B was a solution of 0.1% TFA in acetonitrile (ACN). The absorbances were monitored at 216 and 280 nm, and the total time of chromatography was 100 min. To obtain peptides with the high purity necessary for sequencing steps and biological assays, the process of rechomatography had to be followed, using an analytical column (C18 Synergi 4 μm, Fusion-RP, 250 × 4.6 mm, Phenomenex ® , Torrance, CA, USA).
Sequencing and identification of peptides
The peptide fractions isolated after HPLC were submitted to mass spectrometry using a Matrix-Assisted Laser Desorption Ionization time of flight (MALDI TOF/TOF) Autoflex speed (Bruker Daltonics ® , Germany), to inspect molecular masses, to identify the primary amino acid sequences and to verify the degree of sample purity. This step was carried out in two distinct operation modes: the positive reflective mode, to determine molecular masses, and the LIFT mode, to proceed with the de novo sequencing. The matrix used was alpha-cyano-4-hydroxycinnamic acid and the detection range consisted of a mass/charge (m/z) ratio of 100-10,000 Da. To obtain the data in this analysis the following software was utilized: 1 . Chromatogram of the compounds with low molecular masses present in the venom of C. communis using a semi-preparative C18 column. They were reconstituted in water and 5% of acetonitrile. Absorbance was monitored at 216 and 280 nm.
Search for similarities in databases
After obtaining primary amino acid sequences, a search was made for similarities with peptides previously isolated in Hymenoptera venoms, using the BLASTP database [19] . Since similarities were found, multiple sequence alignment by the Clustal omega program was performed [20] .
In silico prediction of the three-dimensional structure
The three-dimensional arrangement of the secondary structures of the Communis and Communis-AAAA peptides was determined by I-TASSER server [21] [22] [23] [24] . The automated protein structure prediction made using I-TASSER has been considered over the last few years as one of the cutting-edge algorithms that can be used for this purpose [21] .
Biological assay
Animals and treatment
For the in vivo assay, male Swiss mice with weight ranging from 20 to 30 g and maintained at 22 ± 2°C under a light/dark cycle of 12/ 12 h were used. Each independent experimental group contained 6-8 animals. The in vivo experiments were approved by the Ethics Committee on Animal Use, of the University of Brasilia (CEUA-UnB), under protocol UnBDoc number 144410/2014 and conducted following the guidelines for animal care as described by Brazilian Law (Law n°1
1.794/2008). All evaluations of in vivo tests were performed blind to the drugs injected. 
Hyperalgesic test
The peptides, saline or formalin were injected in the mouse's left hind-paw subplantar region. Both peptides were tested in three doses (2, 0.2 and 0.02 nmol per animal) in a final volume of 50 μL. After administration, each animal was placed in a transparent rectangular arena (19.5 × 29.0 cm) for the observation of pain behavior, defined as the time each animal spent raising, shacking or licking the injected paw [25] . The total time of analysis was 30 min, divided into two phases: neurogenic (first 10 min) and inflammatory (last 20 min). For positive and negative controls, mice received either 4% formalin solution (formalin group) or saline solution (saline group), respectively. In total, eight experimental groups were used in this assay.
Evaluation of edema formation
The evaluation of induction of edema was performed using an Ugo Basile 7140 plethysmometer. Both peptides were tested in three different doses: 4, 0.4 and 0.02 nmol per animal. Initially, animals were anesthetized with sodium thiopental (60 mg/kg) and the volume of both hind-paws was measured to establish the basal volume. Then, each animal received a 50 μL injection of peptide solution or saline solution (negative control) in the right hind-paw subplantar region, and only saline solution in the left hind-paw. The measurements were obtained in triplicate at each time point of 15, 30, 45, 60, 90 and 120 min after injection [26] .
Assessment of hemolytic activity
For the study of hemolytic activity, a protocol adapted from Sousa and Morhy [27] 1000g) . Finally, the absorbance of the supernatant was read at 550 nm on Flex Station 3 (Molecular Devices). For control, the erythrocyte suspension was incubated with either Krebs solution (negative control) or Triton x-100 1% (TBS) (positive control). Three assays were performed on independent days, and each concentration was tested in triplicate. Due to the small amount of biological material obtained from C. communis venom, only the hemolytic assay was performed with synthetic peptides. The peptides synthesis was performed by the Brazilian company Aminotech Research and Development Ltda and the Communis-AAAA peptide was synthesized with the leucine residue at its N-terminal. MS and MS/MS data for the synthetic peptides are demonstrated in Supplementary Results (Supplementary data 3-6).
Statistical analysis
Both neurogenic and inflammatory periods of hyperalgesia were submitted to Kruskal-Wallis test followed by Dunn's multiple comparison test. Percentage of edema formation over time was submitted to Two-Way ANOVA followed by Dunnett's multiple comparison test. For edema formation, the area under curve was also calculated for each group, and data were submitted to One-Way ANOVA followed by Dunnett's multiple comparison test. All multiple comparison tests were done comparing treated groups to saline control group, and significance was considered when p < 0.05. For hemolysis, the Two-Way ANOVA was used followed by Tukey's multiple comparisons test. Statistical analyses were performed using GraphPad Prism ® Software version 6.0
for Mac (GraphPad Software, USA). 
Isolation of peptides by HPLC
The first step of isolation of the peptides named Communis and Communis-AAAA is presented in Fig. 1 . The fraction containing Communis eluted with 49% of ACN and the fraction with Communis-AAAA eluted at 58% of ACN in the chromatographic separation of LMN venom fraction. These two peptide fractions were rechromatographed to obtain peptides with a high degree of purity. The chromatographic profiles of this stage are presented in Fig. 2a and b. 
Molecular mass analyses and sequencing of amino acids
By MALDI TOF/TOF it was possible to verify that the protonated molecular masses of Communis and Communis-AAAA are 1340.9 ± 0.05 and 1836.3 ± 0.05 Da, respectively ( Fig. 3a and b) . The amino acid sequences of these two peptides are shown in Table 1 , and the corresponding spectra of sequential mass are represented in Figs. 4 and 5.
Similarities with peptides present in database
Similarities were found between the two peptides and molecules described previously as mastoparans, isolated from wasp venoms. The first twelve amino acids of the two molecules isolated were identical, so they are similar to the same peptides. The highest percentages of identity were with Communis, ranging from 50 to 58% (Fig. 6a) . Communis-AAAA demonstrated 39% of identity with other mastoparans (Fig. 6b) .
Search for similarities in databases
4.5. In silico prediction of the three-dimensional structure Using I-Tasser the probable three-dimensional structure was obtained for the two peptides under analysis. Estimated TM-scores of the first model of each peptide were 0.70 ± 0.12 for Communis and 0.68 ± 0.12 for Communis-AAAA. When the value of the TM-score is greater than 0.5 it implies that the detected analog and model have a similar topology and can be used to determine the structural class/ protein family of the query protein, while a value below 0.3 signifies a random structure similarity [28] . For correlation scoring (C-score) the values are −0.07 for Communis and −0.24 for Communis-AAAA. This is a parameter for estimating the quality of predicted models by I-T-ASSER, and it is typically in the range of [5, 2] , where the higher value signifies a model with a high confidence and vice-versa. Thus, the prediction for Communis and Communis-AAAA revealed that both models have correct topology and good confidence. In addition, the two peptides were predicted to form a structure in α-helix (Fig. 7) . Fig. 7 . Three-dimensional prediction of the two peptides isolated from Chartergellus communis wasp venom was determined by the ITasser prediction server. In (a) Communis is depicted and in (b) Communis-AAAA. 
Algesic activity
Kruskal-Wallis analysis of algesic activity showed a significant difference between groups both in neurogenic (χ 2 (7) = 35.00, p < 0.0001) and inflammatory (χ 2 (7) = 25.59, p < 0.001) phases. Dunn's multiple comparison of the neurogenic phase revealed significantly greater time spent in algesic behaviours compared to the saline group for animals treated with 2 nmol of Communis-AAAA peptide (p < 0.05) and also for animals from the formalin control group (p < 0.001) (Fig. 8a) . Multiple comparison of inflammatory phase only revealed a difference between the formalin group and saline group (p < 0.01) (Fig. 8b) .
Edema formation
Two-Way Repeated Measures ANOVA of edema formation revealed a significant effect of both time (F (5,230) = 21.82, p < 0.0001) and treatment (F (6, 46) = 3.84, p < 0.01). Dunnet's multiple comparison showed significantly higher% of volume increase compared to saline group for animals treated with 4 nmol of peptide Communis at two different time points, 30 min after injection (p < 0.01) and 90 min after injection (p < 0.05) (Fig. 9) . One-Way ANOVA of the Area Under Curve of edema formation also revealed the effect of the treatment (F (6,44) = 4.64, p < 0.05) and Dunnet's test showed higher average area for animals treated with 4 nmol of Communis when compared to saline group (Fig. 10) .
Hemolytic activity
Communis-AAAA is much more hemolytic than Communis (Fig. 11) . In the highest concentration tested, Communis-AAAA presented a percentage of hemolysis corresponding to approximately 97.7%, while the effect of Communis was about 6.5%. Furthermore, we observed a dosedependent effect of Communis-AAAA with EC 50 = 142.6 (CI = 138.6 to 146.8).
Discussion
In relation to the venom produced by hymenopterans, that from bee venom appears to be the best characterized, both in relation to its constitution and to its biologic effects. The knowledge about biological actions and possible pharmacological applications of wasp venoms is in considerable expansion. Nevertheless, there are currently no reports related to the chemical composition and the biological effects and/or biotechnological potential of the Chartergellus communis wasp venom. Thus, the data presented in this study are the first evidence of the composition and possible activities of compounds from this venom on biological systems.
As seen in Fig. 6 , the peptides Communis and Communis-AAAA showed a high degree of similarity, since they have the same first twelve amino acids. Moreover, both have a certain degree of sequence identity to the same sequences of toxins previously described in other Hymenopteran venoms, all belonging to other species of wasps and categorized in the mastoparan class. Comparing the sequence of amino acids belonging to Communis peptide to that of peptide toxins obtained from the venom of other wasps, it was observed that this peptide from C. communis showed 58% identity to the Mastoparan toxin, isolated from the venom of Protonectarina sylveirae, whose action is related to the release of histamine in rat peritoneal mast cells [29] . The Communis peptide also showed 58% identity to Mastoparan-A, extracted from the venom of the Vespa analis, which besides having hemolytic activity also has antitumor activity and a low antimicrobial activity when compared to other mastoparans from wasps [30] . Furthermore, Communis had 50% identity with Mastoparan-2, from the venom of Protopolybia exigua, which has no hemolytic activity, even at high concentrations (100 μM), but seems to bind to the Gi component, which activates the cascade of molecular events regulated by cAMP, producing degranulation of mast cells [31] . The degree of identity with Communis-AAAA is lower, corresponding to 39% for all comparisons. This can be due to the fact that Communis-AAAA presents an additional sequence of amino acid residues in its C-terminal region, mainly constituted by some additional alanine residues.
When only structural aspects are analyzed, the amino acid sequences of these two peptides demonstrated differences that can be important to their biological actions. One of these differences is the presence of the amidation in the C-terminal portion of Communis-AAAA, which is absent in Communis. In a number of cases the presence or absence of several actions has been associated with this type of posttranscriptional processing in their precursors [32] [33] [34] . An example of this is the hemolytic activity observed with a mastoparan isolated from Protonectarina sylveirae, named Protonectarina-MP. In this situation, Silva et al. [8] verified the absence of hemolytic action when this peptide is deprived of C-terminal amidation; however, there is a certain degree of this effect when the amide is present. Furthermore, sometimes the amidation can also increase the potency of action. As an example, the peptide Protonectaria-MP was also able to cause hyperalgesia in mice, but that effect with Protonectaria-MP-NH2 is more severe when compared to the acidic form (Protonectaria-MP-OH) [35] . Severe pain and tissue damage are some of the symptoms observed after a wasp sting, which can be associated with the action of mastoparans [36, 37] . By formalin-induced algesic test it is possible to generate acute and tonic pain, and the study of the nociceptive effect is also possible, allowing for predictions about the action mechanism involved [38] . The two phases into which this test is divided reflect distinct action modes: the neurogenic phase is related to the direct stimulation of nociceptors and consequently pain mediated centrally, while in the inflammatory phase there is the release of pro-inflammatory mediators, such as bradikinin, histamine and serotonin [39] . In the analysis of algesic action, only Communis-AAAA presented hyperalgesic action, and in the neurogenic phase. It is possible that this molecule is able to activate peripheric nociceptors directly. One of the compounds similar to Communis-AAAA, the Mastoparan peptide, also demonstrated an ability to cause hyperalgesia, but in a model of mechanical pain [35] .
Edema occurs due to vasodilation and increased vascular permeability allowing liquid extravasation. Inflammatory mediators are responsible for the activation of the cellular mechanism for vasodilatation and increased permeability [40, 41] . In our research, Communis induced edema, but Communis-AAAA did not. In this respect, Communis should be investigated to test our supposition that it may act in one or more of the following ways: (a) direct vasoactive effect, causing increase of vascular permeability; (b) by recruitment of pro-inflammatory mediators; (c) with direct iteration of inhibitory G protein to lead to degranulation of mast cells. These are as yet only hypotheses, and other more specific studies need to be carried out.
Taking into account what was mentioned previously about the presence of C-terminal amidation, we have arrived at an interesting observation about the action on hyperalgesia and edema formation. While Communis-AAAA, an amidated peptide, presented an effect only on hyperalgesia, Communis, which has a C-terminal in acidic form, is only able to cause edema. Thus, this makes us hypothesize that this post-transcriptional modification can be one of the causes that seems to be important in the presence of the hyperalgesia effect, but it may not influence the edematogenic effect.
The capacity to exert hemolytic activity is directly related to interaction with the zwitterionic membranes of red blood cells. Some of the characteristics of a peptide that can contribute to this effect are the hydrophobic nature of most amino acid residues in chains and their organization in amphipathic α-helical conformation [37, 42] . These properties are crucial because, together with amphipathic features, they favor electrostatic interactions between positive residues of peptides and negative charge of phospholipid head groups present in biological membranes, which facilitate peptide insertion leading to destabilization and consequent lysis [43, 44] . In the study by Jiang et al. [45] , it was demonstrated that net charge significantly affected the hemolytic activity, where a decrease to a level lower than +4 can make the peptide totally inactive, but the systematic increase of this property from +4 to +8 can make the peptide exhibit hemolytic activity. In our analysis about this action it was observed that Communis has a very low potential to cause hemolysis, in contrast with the potent hemolytic effect of Communis-AAAA. In fact, by using the PepCalc property calculator (http://pepcalc.com/), we verified that Communis-AAAA has a net charge of + 4 at pH 7, while the net charge of Communis under the same condition is +3. As for alpha helical conformation, it is known that 3-4 amino acid residues are needed per turn in this conformation, as well as 7-8 amino acid residues (two turns) for the formation of amphipathic faces [46] . We can see in the prediction of tridimensional structure that both peptides are able to organize in this mode. Considering that the number of turns is directly proportional to the ease of insertion in the cellular lipid bilayer, the limitation in hemolytic activity of the shorter one (Communis) could also be attributed to the lower number of turns compared to Communis-AAAA. Furthermore, the deficient activity of Communis can be due to the absence of C-terminal amidation, as described above. There are reports that the amidation contributes to the stabilization of alpha helical conformation, as shown in the study of Shalev et al. [47] , where it was verified that an antimicrobial peptide enhances its potency when in amidated form, through the formation of a more rigid and extended structure. Communis-AAAA, however, in addition to having amidation in this part of molecule, is also more hydrophobic due to its apolar additional residues in relation to Communis: four alanines, one valine and one isoleucine/ leucine. The presence of these polyalanines has not been observed in the venom of wasps and is a new finding, which can also contribute to increasing the cytotoxic capacity of this molecule under analysis.
Conclusion
The increasing knowledge about the mechanisms of action and structure of peptides with biotechnological potential is very important. In this study we described two constituents of C. communis wasp venom, the peptides Communis and Communis-AAAA, unpublished molecules which have much similarity with those belonging to the mastoparan class and that are probably correlated with the some symptoms that appear after stings. We also demonstrated that these two peptides present considerable differences in their structures, such as C-terminal amidation and a continuous sequences of alanine residues, which can reflect marked differences in relation to some biological activities.
